Abstract The objective of the study was to reveal physiological link between sex specific engorgement pattern and evading mechanism of ticks against oxidative stress as well as acaricides. Quantitative determination of nitric oxide radical scavenging, superoxide dismutase activity and reduced glutathione (GSH) concentrations in salivary gland and gut extracts of male and female Hyalomma anatolicum anatolicum (Acari: Ixodidae) ticks established significant variation in antioxidant responses between two sexes of the ticks. Higher activity of these antioxidants and GSH depletion in females clearly indicate stronger antioxidant defense in female ticks which is to combat host mediated oxidative assault during feeding for greater engorgement and reproductive stress. The females are also better equipped with the mechanism of acaricide resistance as evidenced by higher expression of esterases than males in unfed whole tick extracts in current study.
Introduction
Ticks are of vast importance due to their ability to transmit an impressive variety of infectious agents during their blood feeding from respective vertebrate hosts. Hyalomma anatolicum anatolicum (H. a. anatolicum) tick is one of the most important ectoparasite of cattle and buffaloes with a wide host range. It acts as the vector of tropical theileriosis causing annual economic loss of around US $800 million in India (Devendra 1995) . Attachment and feeding takes several days to complete for ixodid species, the majority of the blood meal is not taken up until the last day of engorgement (Kemp et al. 1982) . Successful engorgement of ticks relies on a pharmacy of chemicals located in their complex salivary glands and secreted in tick saliva that helps them to protect against host mediated oxidative assault (Francischetti et al. 2009 ). Ticks have evolved antioxidant defenses to circumvent the oxidative assault as evidenced by presence of considerable amount of nitric oxide radical scavenging, superoxide dismutase (SOD) activities and reduced glutathione (GSH) concentrations in Hyalomma ticks (Wu et al. 2010; Ghosh et al. 2014) . The tick salivary cocktail also contain esterases which helps in metabolic resistance against acaricides by over expression through gene amplification and point mutations that has been well studied in aphid Myzus persicae (Devonshire et al. 1993) and Drosophila melanogaster (Mutero et al. 1994) respectively. A more detailed knowledge about the expression of these salivary active components is required to understand their importance and association with tick feeding. In this study, we describe the heterogeneity in expression of esterases and antioxidant response between the two sexes of H. a. anatolicum ticks which differ considerably in engorgement pattern where females engorge several hundred times during a single blood meal with maximum increase in size, especially at late feeding stage unlike males which rarely engorge more than two fold from their unfed weight (Chen et al. 2012; Ma et al. 2013 ) .
Materials and methods

Collection of ticks
Partially fed adult male and female H. a. anatolicum ticks were randomly collected by detaching them from buffaloes from the villages around Hisar, Haryana, India for antioxidant assay where as the unfed male and female ticks were collected from the moulted nymphs at the walls and ground of the animal sheds for esterase profiling.
Dissection of ticks
The partially fed ticks were glued to the bottom of a Petri dish with their dorsal surface upward and placed on ice for 20 min. Using fine scalpel blade and fine tip forceps, ticks were incised along the dorsal-lateral margin, and the dorsal integuments were removed under a stereoscopic dissection microscope (Magnus MSZ-TR Trinocular Version). Salivary glands and gut were removed by the method of Wu et al. (2010) and transferred into preservation buffer (pH 6.0) containing 0.1 M phosphate buffer saline (PBS), 5 % glycerol, protease inhibitor cocktail (Sigma, P2714), and stored at -40°C until extract preparation.
Extract preparation
The isolated organs from partially fed ticks and the whole unfed ticks were homogenized under ice using tissue homogenizer (IKA T10 basic Ultra-Turrox) in 0.1 M PBS, pH 6.0, containing protease inhibitor cocktail. The homogenate was centrifuged at 10,000 rpm for 15 min at 4°C. Then the supernatant was filtered through 0.22 l syringe filter (MILLEX-GV) and stored at -40°C until further analysis.
Estimation of anti-oxidants
Anti-oxidant activities were estimated in salivary gland and gut extracts of male and female semi-fed H. a. anatolicum ticks.
Nitric oxide radical scavenging activity
Nitric oxide scavenging activity of the extracts was measured by the method of Sreejayan and Rao (1997) . Different concentrations of fresh extracts in standard phosphate buffer were incubated with 5.0 mM sodium nitroprusside at 25°C for 3 h. After incubation 0.5 ml of incubated solution was removed and mixed with equal volume of Griess reagent (equal amount of 0.1 % naphthylethylenediamine dihydrochloride in distilled water and 1 % sulfanilamide in 5 % concentrate phosphoric acid). The absorbance of the chromophore was taken at 546 nm against blank without sodium nitroprusside, using UV-VIS spectrophotometer (Thermo Scientific Multiskan Spectrum-UV/Vis microplate and cuvette spectrophotometer). All data were taken in triplicate.
Superoxide dismutase (SOD) activity
The activity of SOD in tissue extracts was measured by the method of Marklund and Marklund (1974) , modified by Madesh and Balasubramanian (1998) . Estimation of SOD activity was performed by adding 0.65 ml of PBS and 30 ll of 1.25 mM MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] to each of the tubes marked as sample, control and blank. Then 10 ll of tissue homogenate was added to the sample tube followed by addition of 100 lM pyrogallol (75 ll) to all the tubes. After 5 min of incubation at room temperature, 0.75 ml of DMSO (Dimethyl sulfoxide) was added into all the tubes to terminate the reaction followed by addition of 10 ll tissue homogenate to the control tube. The absorbance was measured at 570 nm. The activity of the SOD was calculated as follows
y, % inhibition of MTT reduction by SOD protein; DF, dilution factor.
Reduced glutathione (GSH) assay
The concentration of GSH was estimated by the method of Ellman (1959) modified by Beutler (1971) . Tissue homogenate (500 ll) in phosphate buffer (pH-7.4) containing 0.02 M ethylenediaminetetraacetate (EDTA) was mixed with 400 ll of distilled water and 100 ll of 50 % Trichloroacetic acid (TCA) solution. The contents were incubated at room temperature for 20 min and centrifuged at 3000 rpm for 15 min. 800 ll of supernatant was taken and 1 ml of 1 M Tris-HCl (pH-8.0) buffer was added to it. Then 80 ll of DTNB reagent [0.14 M sodium chloride, 0.009 M disodium hydrogen phosphate and 40 mg/100 ml 5,5 0 -dithiobis (2-nitrobenzoic acid)] was added and kept in reducing condition at room temperature for 15 min. The absorbance was measured at 412 nm. A standard curve of GSH was prepared using concentrations ranging from 0.02 to 0.1 mM of GSH in 0.02 M EDTA and the values of the samples were extrapolated from that curve.
Native Polyacrylamide gel electrophoresis (PAGE) for esterase profiling
The extracts from whole unfed male and female ticks were used for esterase profiling Non-denaturing PAGE was performed using the Laemmli (1970) buffer system without sodium dodecyl sulfate (SDS) and a gel system consisting of a 4 % (w/v) stacking gel and a 12 % (w/v) separating gel. Equal amount of protein from both male and female tick extracts were loaded and electrophoresis was conducted at a constant voltage of 90 volt for 4 h at 4°C in pre-chilled buffer containing 87 mM Tris and 13 mM glycine (pH 8.3). The gel was stained by pre-incubation in 100 mM sodium phosphate buffer (pH 6.5) for 30 min at 37°C, followed by incubation in 100 mM phosphate buffer containing 3.2 mM a-naphthyl acetate and 2.4 mM Fast Blue R/R Salt (SIGMA) for 60 min in the dark at 37°C (Stauffer et al. 1992 ).
Estimation of protein concentrations
Extracted protein from tick organs as well as whole tick homogenates were quantified by Bradford (1976) method using BSA as the standard.
Statistical analysis
The data were subjected to standard error of means (SE) and analysis of Variance (ANOVA) for statistical significance (Snedecor and Cochran 1967) .
Results
Anti-oxidant response
Antioxidant activity in terms of nitric oxide radical scavenging, SOD activity and GSH concentration were estimated in different organs of H. a. anatolicum ticks.
Nitric oxide radical scavenging activity
Nitric oxide radical scavenging activity is increased with increase in protein concentrations (3-24 lg/50 ll) in all the extracts (Fig. 1) . A significantly (p \ 0.05) higher activity was observed in female than male salivary gland and gut extract at all the different protein concentrations.
Superoxide dismutase (SOD) activity
Significantly higher (p \ 0.05) SOD activity (Fig. 2) was only found in female salivary gland extract than its male counterpart but no such activity was detected in the gut extract of the ticks.
Reduced glutathione (GSH) concentration
Significantly lower (p \ 0.05) GSH concentrations (Fig. 3) were found in female salivary gland extract than male in most of the protein concentrations taken where as in case of 
Esterase profiling
Native-PAGE resolves unfed female whole tick extract esterases into three major bands of variable mobility; one band of relatively lower mobility was retained in stacking and separating gel interface. The unfed male whole tick extract showed marked variations from the female (Fig. 4) in esterase expression in terms of absence of two upper bands as well as the lesser band intensity in case of the third band as the amount of protein loaded was same in both the lanes.
Discussions
Ticks are constantly challenged with reactive oxygen and nitrogen species (ROS and RNS) generated from endogenous and exogenous sources during their prolonged attachment with the vertebrate host for successful completion of blood meal (Kemp et al. 1982; Francischetti et al. 2009; Saeaue et al. 2011) . Host mediated exogenous oxidative assault is more in case of females as it proportionate with their greater engorgement and feeding behavior than males. The females are further prone to endogenous reproductive stress. So, they require a complex mode of antioxidant defense during host-parasite interactions. In the present study, higher nitric oxide radical scavenging activity in SGE and gut extract of partially fed females than males may help them to combat higher feeding stress, especially after mating as well as the reproductive stress. The females are also supported by their significantly higher status of SOD activity in SGE than the males to circumvent the extra burden. Lower SOD activity in male SGE correlates with minimum feeding stress on males due to their lesser feeding and engorgement pattern. In case of GSH status, females have shown relatively lower concentrations than male in both the organ extracts. GSH depletion in females may be due to greater consumption of GSH by glutathione peroxidase mediated disposal of H 2 O 2 which will be more in females as it is exposed to maximum oxidative stress. Because the superoxide radical (O 2
•-) produced in stress response is dismuted by SOD to oxygen (O 2 ) and hydrogen peroxide (H 2 O 2 ) (Fridovich 1995) . This Fig. 3 Reduced glutathione (GSH) concentration in salivary gland and gut extracts of semifed adult male and female Hyalomma anatolicum anatolicum ticks. Data presented as Mean ± SE Fig. 4 Esterase profile of whole tick extract from unfed adult female and male Hyalomma anatolicum anatolicum ticks in 12 % Native-PAGE. A unfed female; B unfed male H 2 O 2 is also strong oxidative agent which is finally disposed off by hydrogen peroxidase and GSH is used as hydrogen supplier in this reaction (Halliwell and Gutteridge 1989) . Thus GSH depletion is more during higher stress response in females. This is in accordance with Saeaue et al. (2011) and Ghosh et al. (2014) where higher stress is associated with more GSH depletion in the vectors. So the above discussions about the differential anti-oxidant responses particularly in term of nitric oxide radical scavenging, SOD activity and GSH status clearly reflect about the stronger antioxidant defense machinery in females to encounter greater feeding as well as reproduction stress which is in accordance to sex specific engorgement pattern in H. a. anatolicum ticks.
The esterases are known to be associated with different physiological processes in insects such as reproduction (Richmond et al. 1980) , juvenile hormonal level regulation (Kort and Granger 1981) , nervous system functioning and development of insecticide resistance (Guillemaud et al. 1997) . The tick esterases also play important roles in host immunomodulation against tick antigens, tick mediated transmission and establishment of pathogens to the host (Temeyer and Tuckow 2016) . Theileria transmission is influenced by sexual difference in ticks where female ticks have higher infection rates and levels for Theileria parva and Theileria taurotragi than male ticks. Whereas Amblyomma variegatum males have higher infection rates and levels for Theileria mutans than females (Shaw and Young 1994) . In current study, greater expression of different esterases in H. a. anatolicum females (Fig. 4) indicate towards the major role of females in tick life cycle as well as tick mediated pathogen transmission in the current tick species. Whole tick extracts were used to get the maximum number of esterases. Though only three major bands were detected in whole tick extracts in this study rather many other bands detected in different stages of life cycle in different species of ticks by many other studies (Jamroz et al. 2000; Villarino et al. 2003; Baffi et al. 2005 Baffi et al. , 2007  Al-Shammery and Fetoh 2011) but it clearly indicates about the sexual polymorphism in esterase expression in H. a. anatolicum ticks. Moreover, esterase activity is directly linked with acaricide resistance (Abbas et al. 2014) . So, less number of esterase bands observed in current study may be related with more succeptibility of Indian H. a. anatolicum tick to acaricides. Variations in esterase expression may occur during the feeding. So, unfed ticks were used to identify the polymorphic variations at the basal level. This is the preliminary study describing the putative role and expression of different anti-oxidants and esterases in H. a. anatolicum ticks. Further studies are going on for identification of their temporal expression and characterization of associated mechanisms to develop improved tick control strategies.
